Objective: To determine dietary intake and eating patterns of older persons in Israel and to identify factors associated with low intake. Design: A cross-sectional study. Setting: Community-dwelling participants living in the Beer-Sheva area were interviewed at home, using a 24 h food questionnaire with additional questions regarding health and eating habits. Dietary intake was compared between people aged 65 -74 and 75 y and older. Subjects: A total of 377 people over the age of 65 224 aged 65 -74 and 153 > 75, were randomly selected from the Negev population.
Introduction
Large-scale national surveys, including the USDA Food Consumption Surveys NHANES I, II and III and the national Diet and Nutrition Survey in Britain found inadequate intake of many nutrients in high percentages of older people. These dietary elements include energy, fat, riboflavin, calcium, zinc and vitamins B 6 , A and C (Briefel et al, 2000; USDA, 1995 , Finch et al, 1998 . Factors contributing to nutritional inadequacy in the old are low income, physiological decline, agerelated diseases, medications and insufficient food consumption.
Malnutrition contributes to excess morbidity and mortality among the elderly (Raucher, 1993) . Among communitydwellers, malnutrition was shown to be associated with infection, skin anergy and anemia (Morley, 1997) , as with increased hospitalization, functional limitations and mortality (Azad et al, 1999; Gariballa et al, 1998; Sullivan et al, 1991) . The high prevalence of malnutrition in the elderly suggests the existence of high-risk nutritional behaviors. Mowe et al (1994) showed in 311 subjects admitted to a hospital that poor nutritional status preceded hospitalization and may have contributed to its onset.
Data from Israel on the nutritional status of older people are scarce. In a nutritional survey of older people recently conducted by Maccabi Health Services in Tel Aviv (Endevelt et al, 2001) , over 40% were found to consume less than the Recommended Dietary Allowances (RDA) for energy, protein and calcium. Other studies (Dror et al, 1996a , Havivi et al, 1985 confirmed these findings in kibbutzim and in what are widely considered well-established homes for the aged. The populations examined in these studies were, for the most part, affluent and sample sizes were small, unrepresentative of the present Israeli population, a mixed population with a relatively high percentage of new immigrants from the former Soviet Union (FSU). This is the first study designed to determine dietary intake and eating patterns in a representative population sample of older people in Israel and to identify factors associated with low intake.
Subjects and methods

Subjects
We randomly selected 377 community-dwelling participants over the age of 65 from the Negev, south of Israel, to be included in the Negev Nutrition Study (NNS) using a proportionate geographic cluster sampling method. The NNS assessed dietary intake and eating patterns of the Negev population over the age of 35 y. The entire sample surveyed included 1173 people.
Demographic and anthropometric characteristics
Demographic characteristics were obtained using questions regarding age, place of birth, date of immigration and number of school years completed. Body mass index (BMI) was calculated from reported weight and height
Dietary assessment
Participants were interviewed at home on their dietary intake using the USDA 24 h recall questionnaire, with additional questions addressing health and eating habits. Daily intake was monitored by requesting participants to rank their intake of the day of the interview as 'usual' or 'less' or 'more' than their usual intake (scores from 1 to 3 were given respectively). A question about dieting (answer yes=no) was included with details on the type of diet in the following questions.
Meal pattern was recorded as defined by the participants. Snacks were defined as 'anything you eat which you don't consider as part of a meal'. Snacking was calculated as 'percentage of energy contributed by snacks' (ie foods consumed outside reported meals; Haveman et al, 1998) .
Data entry of the 24 h questionnaires was performed using a program conceptually similar to the Food System Analysis System (FIAS) program (USDA Human Nutrition Information Service, 1996) . A food composition database was developed based on the USDA food composition database with Israeli foods and recipes added (USDA Research Service, 1999) . Data for missing micronutrients were taken from the closest food item (matched for macronutrients and available micronutrient data) from various food composition tables, eg US, UK, Italy (McCance & Widowson, 1992; Salvini et al, 1998) .
To assess the contribution of each food group to the total intake, foods were aggregated into food groups by the USDA coding system (USDA Human Nutrition Information Service, 1986) using the first two numbers as identification codes. The nutrient content of each food group was calculated as a percentage of the whole population's nutrient intake.
Estimation of underreporting of dietary intake was performed by dividing the reported energy intake (EI) by the calculated total energy expenditure (TEE) (Bingham, 1994) . For each participant, the ratio EI=TEE was calculated, taking into account the participant's weight, sex and age. Values that are close to 1 indicate agreement between theoretical TEE and reported energy intake values.
Health status assessment Health status was assessed using self-reported subjective health evaluation. Health status reported by the participants using a scale from 1 to 5: 1 denoted 'very poor' and 5 denoted 'excellent' health status. Morbidity was determined by answers to specific question such as 'Has a doctor ever told you that you have high blood pressure, disease, diabetes etc?' Use of prescribed medications was determined by examining all the medications and prescriptions used by the participant in the last month. Number of prescribed medications was calculated for each participant and was categorized into two levels according to the median value (four medications).
Physical activity
Physical activity levels were calculated based on the frequency of exercising per week and the intensity levels of low, moderate or high. The frequency and intensity were divided into three levels. Intensity was multiplied by the frequency of obtaining an activity level grade ranging from 0 for people who do not exercise to 9 for people who exercise more than four times per week at a high intensity level.
Eating habits and risk factors assessment
The Composite Eating Behavior Questionnaire (CEBQ; Shahar & Shahar, 1999 ) was used to assess eating behavior and behavioral risk factors for undernutrition. The questionnaire is based on the synthesis and modification of the following elements (Shahar & Shahar, 1999 ): 1. Existing eating-behavior questionnaires (Rosenbloom & Whittington, 1993) , including items such as meal skipping, frequency of eating commercially prepared foods, snacking and evaluation of appetite. Appetite was assessed using the question 'How would you describe your appetite?', a scale from 1 to 5 was used, 1 being 'never get hungry' and 5 'excellent appetite'. Additional A positive reply to any of these questions was defined as yes in the grouped variable. 3. Additional questions related to items proven to be associated with diet quality. These include family status (married or not), living arrangements (alone or with someone), mobility and shopping difficulties (yes=no) and income in addition to social security payment (yes=no; Falciflia et al, 1985; McIntosh et al, 1989; Schafer, 1978, Schafer and Keith, 1982; Trinkle, 1992) .
Statistical methods
Statistical analyses were carried out using the SPSS statistical package. Descriptive statistics was performed to characterize the population. Dietary intake was compared between participants aged 65 -74 y and those aged 75 y and over, using univariate ANOVA with gender, BMI, physical activity levels and evaluation of the daily intake (usual, lower or higher than usual) as covariates (covariates were significantly associated with age and dietary intake). The summed intake of each nutrient was divided into the food groups and the percentage contribution of each group to the total intake was determined.
For further analyses we transformed values of nutrients to normalize their distribution using natural logarithmic transformation. ANCOVA was used to compare energy intake by specific risk factors (health status, appetite, eating alone etc). Finally, multivariate analysis was conducted. Significant variables in the univariate analyses were entered in a linear regression models with energy intake (log transformed values) as the dependent variable. The independent variables included age, appetite, gastrointestinal problems, daily use of over four medications, income in addition to social security and eating behavior variables such as eating alone over seven meals per week and eating snacks (yes=no).
Results
The characteristics of the study population are presented in Table 1 . The total group included 377 people, 172 men and 205 women, 224 between the ages of 65 -74 and 153 over the age of 75. BMI was significantly lower among people aged 75 and older. EI=TEE ratios were relatively high, suggesting a low level of under-reporting among our elderly population with no difference between the two age groups. People in the older age group were less active, used more Dietary intake of elderly people in Israel D Shahar et al medication, had poorer appetite and health status and more gastrointestinal problems. Table 2 presents a comparison of dietary intake between people aged 65 and 74 and over 75 y old adjusted for gender, BMI, physical activity levels and daily intake evaluation as described above. The older age group had lower food intake, consumed significantly less energy, fat and carbohydrates per day. Among the vitamins, the intake of a-tocopherol (vitamin E), vitamins C and B 1 (thiamin) was lower in the older group.
Energy intake was compared with the Recommended Daily Allowances (RDA) (National Research Council, 1989) using 0.11 MJ per kg for men and 0.12 MJ per kg for women; for mean weights of 75 kg for men and 70 kg for women. Energy intake was below 78% of the RDA for men and 70% for women. Intake of other nutrients was compared to the DRI (Dietary Recommended Intake; National Research Council Institute of Medicine, 2000) . Compared with the recommendations, calcium (Ca) intake was 30% for men and 42% for women. Zinc intake was 66% for men and 76% for women, and magnesium intake was 59% for men and 67% for women. For vitamins, dietary intake of vitamin E 37% of the recommendations for both genders, folic acid intake was 60% for men and 51% for women. Table 3 presents dietary intake by food group and the contribution of selected food groups to nutrient intake. The nutrients included in the analysis were energy, calcium, zinc, vitamin E, vitamin B 6 and folic acid (folate). On average, people aged 75 and older tended to consume less in most groups except for dairy products, cheeses, potatoes and cakes. Dairy products including cheeses contributed 43 and 59% of the calcium intake for people aged 65 -74 and > 75, respectively. The average intake of meat was 99.6 and 75.3 g per day for the above groups, respectively, contributing 30 and 27% of zinc intake for both age groups. Over 60% of the vitamin E intake was from fruit (avocado), vegetables and vegetable oils. The older group also consumed fewer sweets and chocolates.
To examine eating patterns, we analyzed energy intake by meals and compared it with data from younger age groups in Israel. Older people obtained most of their energy from the traditional three meals, consuming an average 17.4% of their energy between meals (snacks), compared with 22.9% in younger age groups (P ¼ 0.001; Vardi et al, 2000) .
Figure 1 presents mean energy intake by risk factor for men and women adjusted for age, since age was associated with low intake and the prevalence of the risk factors evaluated. Poor appetite was a significant risk factor for low energy intake only among women. For men, poor health Dietary intake of elderly people in Israel D Shahar et al status was significantly associated with low energy intake. Both men and women who ate fewer snacks had significantly lower intake of energy. 'Gastrointestinal problems' were associated with low energy intake for women only. Surprisingly, dieting was not a risk factor for low intake. Other known risk factors such as living alone, lower education level, shopping difficulties and mobility problems were not associated with energy intake in this analysis. Nonetheless, when analyzing the total group (377 people), eating alone was associated with lower energy (P ¼ 0.02), iron (P ¼ 0.02) and zinc (P ¼ 0.005) intake.
Step-wise linear regression models were used to predict log-transformed energy intake by gender. Independent variables in the model included frequency of eating alone, subjective evaluation of appetite, gastrointestinal problems, use of medication, snacking and age. Use of medications was used instead of health status evaluation since both were significantly associated (P < 0.001). All the above mentioned variables were associated with energy intake in the univariate analyses. Analyses were conducted separately for men and women. 
Discussion
We describe the first study on the dietary intake and eating behavior of community-dwelling elderly people in Israel. We found elderly men and women living in the community to be at risk for low dietary intake, reaching an average of less than 6 MJ per day at age 75 þ . Decreased energy intake, even at the levels shown in our study, may be observed prior to other clinical measures and may portend subsequent weight loss.
With advancing age, the mortality risk of being underweight increases, whereas mild overweight is associated with lower mortality rates (Reynolds et al, 1999; Potter et al, 1998; Morley, 1997) . The most common reason for weight loss in this population is undernutrition, namely decreased energy intake. Decreased intake may stem from fundamental alterations in appetite regulation that occur with aging. Roberts (Roberts, 1995; Roberts et al, 1994 Roberts et al, , 1995 Roberts et al, , 1996 showed that, after under-feeding, older people returned to a lower weight upon re-feeding and to a higher weight after over-feeding compared with younger people who, in both situations, returned to their baseline weight. Our data show decreased appetite to be an independent predictor for decreased energy Figure 1 Mean energy intake by risk factor and gender adjusted for age (comparison is between those with the risk factor and those without).
Dietary intake of elderly people in Israel D Shahar et al intake among women, even after adjusting for other variables. The 24 h dietary recall was chosen because it is rapid and simple to administer. Several researchers have reported that the 24 h dietary recall method is adequate to obtain the mean nutrient intake when sample size is sufficient (Bowman & Rosenberg, 1982) . Its chief limitations are inability to measure day-to-day variations and the tendency to underestimate energy intake due to under-reporting (Bingham, 1994) . The issue of under-reporting was addressed using the ratio of reported energy intake to theoretically calculated TEE. In our sample high ratios of 0.92 for men and 0.88 for women among the elderly were calculated, indicating accurate reporting. These calculations support the accuracy of our reports indicating a truly low energy intake that continues to decrease with age.
In our population, calcium and zinc intake were approximately 50 and 70% of the DRI, respectively. Calcium intake of our group was lower than the National Nutrition Survey in Britain and the CSFII data (Finch et al, 1998 , USDA, 1994 . Recent studies (Heaney, 2000) suggest that increased calcium and vitamin D intake may have a potentially protective effect against fractures. Zinc plays an important role in immune system functioning and wound healing (Boosalis et al, 1995; Lemonnier et al, 1991; Thompson et al, 1984) ; deficiencies may cause alteration of mental status (Henkin et al, 1975) , loss of appetite and diarrhea (McClain et al, 1985) . Intake of vitamin E and folic acid, both involved in mechanisms related to aging, were lower than 60% of the DRI (National Research Council, Institute of Medicine, 2000) in our study sample. Adequate intake of the above micronutrients may be crucial for the health of the older person who may also have lowered absorption rates and increased needs (Johnson, 1995) .
As for risk factor assessment, previous studies have suggested that certain eating behaviors can be used as screening tools for those at nutritional risk (Davis et al, 2000; Payette et al, 1995; Morley & Kraenzle, 1994; Rosenbloom & Whittington, 1993; Lehman, 1989; Davis & Randall, 1985) . Research has shown that eating behaviors such as low frequency of snacking, skipping meals and eating alone are associated with poor nutrient intake and inadequate dietary status (USDA, 1994) . Other risk factors reported elsewhere, including difficulties in preparing food and eating commercially prepared meals (Rolls et al, 1995) were not associated with decreased intake in our population.
In our study, 'snacking' (foods eaten between meals) was strongly associated with higher energy intake, while no association was found between eating alone and meal skipping and energy intake. Snacking is an important issue among the elderly. The older population tends to continue the more traditional eating pattern of three meals a day as shown by our and CSFII data (USDA, 1994) , but its ability to consume large meals decreases (Morley, 1997; Rolls et al, 1995) . An appropriate intervention strategy may suggest the inclusion of preferred foods=snacks between the traditional three meal pattern (Morley, 1997) . In a study in which a preferred food, such as ice cream, was allowed ad libitum, protein-energy malnutrition was reversed (Winogard & Broen, 1990) . Another option for 'snacking' may include liquid preloads 60 min before the next meal. Liquid energy supplements between meals may play a role in the management of weight loss in older persons (Morley, 1995 (Morley, , 1997 .
Eating alone was shown to be associated with poor nutrient intake, as indicated by Davis et al, (2000) and Rosenbloom and Whittington (1993) . Other studies have shown no significant association between dietary patterns and social isolation (Kinard & Kiret, 1983; Garry et al, 1982) . The largest and best-designed surveys have demonstrated that the dietary pattern of those living with family tends to be better than that of those living alone (Davis & Randall, 1985; Krondl et al, 1983; Reid & Miles, 1977) . Our findings indicate that over 10% of our study population ate more than seven meals per week alone. The behavior was more common among women (over 40%), probably because a higher percentage (60% compared with 20% for men) of women were living alone. In our sample, older people who more frequently ate alone consumed lower energy, zinc and iron, suggesting a trend of lower consumption of meat and meat products.
Rosenbloom and Whittington (1993) described lack of appetite, evaluated by subjective measures, as an important parameter associated with depression and weight loss in widowed elderly people. Payette et al (1995) , who evaluated a community-living elderly population, also found that 'good appetite', as described by participants, appeared to be a significant predictor for dietary intake of energy (P < 0.01) and protein (P < 0.05). In the current study, 22% of the men and 37% of the women participants reported a loss of appetite. The effect of decreased appetite was more pronounced in women in whom it was strongly associated with decreased energy intake. Among men, health status, which may influence other risk factors including appetite, was a significant predictor of decreased energy intake. Among women, gastrointestinal factors were associated with decreased intake, while in men they were not. It is possible that men may include loss of appetite, gastrointestinal problems and use of medication as features of their subjective health status. Previous studies have shown that participants who evaluated their health as 'less than good' were usually those who were more depressed (Kivela et al, 1986) ; those participants also reported higher frequencies of loss of appetite. We did not evaluate depression, but we clearly showed that among men the effect of poor subjective health was strongly associated with decreased intake; a relationship not found for women.
As for the NRI (Nutritional Risk Index; Kuczmarski & Kuczmarski, 1993) , in a previous study using the NRI for community dwelling populations in the USA (Shahar & Shahar, 1999; Christakis, 1993) , relatively few participants were found to be at nutritional risk. This may reflect the population being relatively healthy. Conversely, in our group Dietary intake of elderly people in Israel D Shahar et al the prevalence of the NRI problems was higher among men, possibly reflecting a 'sicker' population, although only in women was it associated with lower energy intake.
As for variation in their diet, older Israelis as a group consume a highly varied diet which encompasses all food groups, including satisfactory amounts of fruit and vegetables. When analyzing food components the study participants ate a fairly balanced diet with no food category accounting for over 20% of the energy intake. The highest contribution to energy came from 'breads of all kind' (16.6%), which was stable in both age categories. This indicates that breads are a crucial component of diet in the elderly. Baked goods added another 7% to energy intake. Breads and baked goods are soft, chewable, palatable and fairly resistant to spoilage, and thus serve as ideal foods for the elderly. Given their importance, these foods are also possible targets for fortification with minerals and vitamins.
A sharp gap was seen between the 65 -74 and 75 þ agegroups with regard to meat and fish consumption. This probably reflects a true decline in consuming these products with age. The decline has several potential explanations: problems with chewing and swallowing, impaired sense of taste, difficulty preparing cooked meals, cultural age-related beliefs and financial limitations (Schafer, 1978) . Two suggested strategies may help overcome this problem. One is 'user-friendly' food items such as frozen pre-cooked foods, or prepared meals. The other is fortifying other food groups with nutrients specific for meat and fish products (Backstrand, 2002) . The drop in meat and fish consumption seems to be balanced by a rise in cheeses and dairy product consumption; the latter are softer and easier to chew and swallow.
Most of the limitations of this study stemed from its crosssectional design. This design did not enable us to follow our participants over time and better assess the effect of their dietary intake on weight, morbidity and mortality. The interviews lacked information regarding depression and cognitive function of the sample population, both of which have been shown to affect the ability to recall (Hankin, 1989) . Future studies should integrate more extensive mental health questionnaires, with particular emphasis on depression and cognitive functioning.
Apparently older people do not form a single homogenous group and, in fact, they comprise a much more heterogenous population than do younger age groups. Therefore, it is necessary to identify subgroups of older subjects who are at risk for undernutrition. The examination should concern not only traditional risk factors such as those related to chronic diseases, but also environmental factors such as mobility, appetite and snacking, which were more strongly associated with inadequate nutritional intake in the older people in this study. This study has indicated that the following subgroups are particularly prone to poor nutritional intake: men who evaluate their health as poor, women with decreased mobility and appetite, and women who consume a low percentage of their energy as snacks. It is useful to note that these conditions frequently coexist. In order to improve nutritional status in the older subgroups in which undernutrition is more frequent, an increase in all food categories is needed, with emphasis on variety and fortification of higher energy, lower cost foods.
